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Summary. The objective of our
experiment was to determine if the
application of two deer repellents to
six grape cultivars ( Vités vinifera L.)
caused significant phytotoxic effects,
production losses, or altered the
sensory characteristics of wine. We
evaluated fifteen single vine plants
from six different cultivars in a
randomized block design that in-
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cluded the two repellent treatments
and an untreated control. During
spring 1997, we applied repellents
biweekly from budbreak until
flowering (2 Apr. to 14 May).
Plantskyyd was applied more fre-
quently than recommended by the
product label (for trees) due to rapid
emergence of unprotected shoot
growth in vineyards. Hot Sauce and
Plantskydd caused some initial minor
phytotoxicity during 1997, however,
the yield and phytotoxicity of treated
plants were similar to controls by
harvest. A panel detected a significant
difference in the color, aroma, or taste
of ‘Chardonnay’ wine made from
grapes treated with repellents com-
pared to wine made from untreated
control grapes (P = 0.001 for Hot
Sauce; P = 0.05 for Plantskydd). We
conclude that Hot Sauce and
Plantskydd did not cause serious
production losses or phytotoxic effects
for the six cultivars treated. However,
both Hot Sauce and Plantskydd
significantly altered the sensory
attributes of Chardonnay wine, which
may preclude the use of chemical
repellents in wine grape vineyards
under the experimental conditions
applied in our study.

rowsing damage by deer
B (Odocoileus sp.) is well

documented on numerous
crop species in various U.S. locations
fe.g., Gill, 1992; Conover and Kania,
1995 (Connecticut); Beringer et al.,
1994 (Missouri); Nolte et al., 1995
(Pacific Northwest)]. Deer depreda-
tion in southeastern Arizona vineyards
varies from year to year. Deer losses are
usually most severe when winter and

spring precipitation is insufficient to

support native forage growth in sur-
rounding areas. Vineyards and other
irrigated agricultural crops apparently
provide an attractive food source for
deer during drought conditions. For
instance, deer browsing during spring
1996 (avery dry year) was estimated to
reduce grape production by about half
in a commercial vineyard in southeast-
ern Arizona (A. Buhl, personal com-
munication). Deer damage in 1996
was observed to be greatest when vines
were rapidly growing (April to May)
but lessened after flowering (around
the end of May). In contrast, deer
damage was inconsequential during
the 1997 and 1998 growing seasons
when rainfall was slightly above aver-
age. Other vineyard managersin south-

eastern Arizona have reported similar
trends in deer depredation.

Fencing vineyards and other cash
crops with deer-proof material is effec-
tive but expensive (Craven and
Hygnstrom, 1994), and given the ap-
parent intermittent and short-term
need for protection against deer dam-
age in Arizona vineyards, there may be
cheaper alternatives. Scare devices (e.g.,
propane exploders, balloons, flashing
lights) may initially be effective but
animals habituate to them fairly quickly
(Craven and Hygnstrom, 1994). Le-
thal control may require special per-
mits from game agencies, may not be
socially acceptable to some individuals
and groups, andis seldom a practicable
long-term solution. Chemical repel-
lents may provide a viable means to
diminish periodic browsing episodes
in Arizona vineyards, however, before
repellents can be applied operation-
ally, the potential consequences on
vineyard productivity must be known.

The objective of our study was to
test whether application of Miller’s
Hot Sauce (Miller Chemical and Fer-
tilizer Corp., Hanover, Pa.) or
Plantskydd (Tree World, Sechelt, B.C.)
to six grape cultivars caused significant
phytotoxic effects, production losses,
or altered sensory characteristics (i.e.,
color,aroma, or taste ) of ‘Chardonnay’
wine. We chose Hot Sauce and
Plantskydd because these products have
been demonstrated to deter deer
browsing on evergreen tree and shrub
species (Andelt et al., 1991; Nolte,
1998), however, the efficacy and po-
tential deleterious effects on grapevine
productivity have not been evaluated.

Materials and methods

Our'study was conducted in south-
eastern Arizona in the Dos Cabezas
Wine Works vineyard. The cultivars in-
cluded in our study were ‘Cabernet
Sauvignon’, ‘Chardonnay’, ‘Petite
Sirah’, “Sauvignon Blanc’, ‘Syrah’, and
‘White Reisling’. The ‘Chardonnay’ and
‘Syrah’ were 3 years old, and the other
four cultivars were 10 years old. We
chose these six culdvars because they
were selectively and severely damaged
by deer in previous years.

The study was a randomized block
design that included five replications
located within a single row of each
cultivar. Three treatments (i.e., Hot
Sauce, Plantskydd, and an untreated
control) were randomly assigned to three
plants within each block. To create a

429



buffer between treatments and blocks,
at least one plant was left untreated
between treatments and at least five
plants were left untreated between
blocks. '

We applied repellents to the en-
tire plant with hand sprayers once ev-
ery 2 weeks from 2 Apr. to 14 May
(four times total) because this was
when deer damage was most severe in
previous years. Frequency of applica-
tion (i.c., biweekly) was higher than
recommended by Plantskydd for coni-
fers (i.e., every 3 to 4 months); but
considered necessary due to rapid emer-
gence of unprotected shoot growth.
Hot Sauce was applied at the highest
recommended label concentration of
100x [8 fl oz/gal (62.51 mL.LY)].
Plantskydd was applied at the recom-
mended label concentration [200 g.L-
' (24.33 oz/gal)]. Shoot length was
measured every two weeks from 2 Apr.
to 28 May (five times total). Phytotox-
icity was ranked 1 to 5 (1 = severe
phytotoxicity, i.e., leaves and stems
showed severe yellowing, burning, or
necrosis; 5 = no phytotoxicity) once
every two weeks from 16 Apr. to 28
May, in August 1997 just before har-
vest, and a final time on 1 July 1998 to
determine if there was any carryover
phytotoxicity from repellent applica-
tion in 1997.

Soluble solids were measured with
a hand-held model refractometer
(ATAGO ATC-1, Automatic Tem-
perature Compensation, Brix Range
0% to 32%; Kernco Instruments Co.,
Inc., El Paso, Texas). At harvest, the
total number of clusters per vine were
counted and hand harvested, then
weighed. ‘Cabernet Sauvignon®’ was
not harvested due to logistical prob-
lems which did not permit collection
of cluster and weight data for that
cultivar.

We used analysis of variance to
determine potential effects of repel-
lents on initial and final phytotoxicity
and production during 1997. In the
initial test, repellent treatments, grape
cultivars,and repellent application dates
were factors in a repeated measures
design. In the final test, repellent treat-
ments and grape cultivars were factors
in a factorial design. We also used
analysis of variance to evaluate the final
phytoxicity rankings taken 1 July 1998,
=13.5 months after the final repellent
application in 1997.

To determine if repellent applica-
tion adversely affected the sensory char-
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acteristics of the ‘Chardonnay’, we
sorted grapes by treatment which were
made into wine by the Dos Cabezas
wine maker. On 27 May 1998, a tri-
angle test as described by Meilgaard et
al. (1991) was conducted at the Uni-
versity of Arizona’s Agriculture Cen-
ter, Tucson. A sensory panel consist-
ing of 12 individuals compared the
color, aroma, and taste of wine made
from the two repellent treatments and
the untreated control (Meilgaard et
al., 1991).

Results and discussion

INITIAL PHYTOTOXICITY AND PRODUC-
TIVITY TESTS. During the period when
repellents were applied (2 Apr. to 14
May), we detected yellowing and curi-
ing of leaves (i.c., phytotoxicity) on
plants treated with Hot Sauce and
Plantskydd (Fig. 1). Our statistical
analyses detected a significant date x
treatment interaction for both phyto-
toxicity rank (P < 0.001; F statistic to
determine differencesamong treatment
means) = 7.1820; 8 df (treatment or
numerator), 64 df (error or denomi-
nator) and shoot growth ( P= 0.0466;
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F = 2.0968; 8, 74 df). The date x
cultivar interaction was also significant
for phytotoxicity rank (P = 0.0005; F
=2.7;20,107 df) and shoot growth ( P
< 0.0001; F = 7.5; 20, 124 df).

The date x cultivar interaction for
shoot growth was expected because 3-
year-old (‘Chardonnay’ and ‘Syrah’)
and 10-year-old plants (‘Cabernet
Sauvignon’, ‘Petite Sirah’, ‘Sauvignon
Blanc’, and ‘White Reisling’) grew at
inherently different rates (Fig. 2). The
date x treatment interactions for phy-
totoxicity rank (Fig. 1) and shoot
growth (Fig. 3) suggest that phytotox-
icity may have retarded shoot growth
slightly when repellents were applied.
However, repellent-treated plants may
have compensated for minor phyto-
toxicity by rapidly producing new
phytomass. For example, we observed
thatyellow and curled leaves (i.e., phy-
totoxic effects) observed during a pre-
vious sampling date were usually cov-
ered by a new canopy of green leaves
and stems just 2 weeks later. More-
over, in August, just before grape har-
vest, phytotoxicity ranks of repellent-
treated plants were similar to controls

—o—Hot Sauce
—=— Plantskydd
—a— Control

28-May Aug

Fig. 1. Least square mean phytotoxicity rank (1 to 5) from April to August
1997, for grape cultivars treated with HotsSauce, Plantskydd, or controls in the
Dos Cabezas Vineyard, southeastern Arizona. 1 = severe phytotoxicity, i.e.,

leaves and stems showed scvere yellowing,

burning, or necrosis; 5 = no phyto-

toxicity, i.c., leaves and stems had no evidence of phytotoxicity.
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Fig. 2. Least square mean shoot growth (cm) from April to May 1997, for six
grape cultivars in the Dos Cabezas Vineyard, southeastern Arizona (2.54 cm = 1

inch).
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Fig. 3. Least square mean shoot growth (cm) from April to May 1997, for
grape cultivars treated with Hot Sauce, Plantskydd, or controls in the Dos
Cabezas Vineyard, southeastern Arizona (2.54 cm = 1 inch).
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Fig. 4. Least square mean phytotoxicity rank (1 to 5) from April to August
1997, for six grape cultivars in the Dos Cabezas Vineyard, southeastern Ari-
zona. 1 = severe phytotoxicity, i.c., leaves and stems showed severe yellowing,
burning, or necrosis; 5 = no phytotorxicity, i.e., leaves and stems had no evi-

dence of phytotoxicity.

(Fig. 1, see also next section). There
was no apparent trend for any one
cultivar to be more adversely affected
by repellents than others (Fig. 4).
FINAL PHYTOTOXICITY, PRODUCTIV-
ITY, AND SENSORY TESTS. Hot Sauce and
Plantskydd had little or no significant
impact on final phytotoxicity rank or
productivity of the treated cultivars
(Table 1). Neither treatment main ef-
fect norany ofits two-way (P>0.1961)

or three-way (P20.5488) interactions’

were significant for berry yield, per-
cent solid solubles, or phytotoxicity
rank. Main treatment effects for each
dependent variable were as follows

(Table 1): berry weight (P=0.0935; F
= 3.2150; 2, 30 df), cluster weight (P
=0.1337;F=2.5984;2,30df), cluster
number (P = 0.2340; F = 1.7441; 2,
30 df), percent solid solubles (P =
0.0756; F = 3.6146; 2, 39 df), phyto-
toxicity rank (P=0.2040; F = 1.9504;
2, 39 df). Hence, plants treated with
repellents apparently tolerated and pos-
sibly compensated for minor early sea-
son phytotoxicity. Moreover, there was
no difference (P20.1927;F = 1.4545;
10,40 df) in phytoxicity rankings made
1 July 1998 for repellent treatment or
any of its interactions (mean = 5 for
Hot Sauce, Plantskydd, and the un-

treated control). This finding indi-
cates there was no carryover phytotox-
icity from 1997 to 1998 due to repel-
lent applications.

The cultivar main effect was sig-
nificant (P<0.0353) for every produc-
tivity measure except cluster weight (P
= 0.1283; F = 2.0927; 4, 30 df). We
expected inherently differentyield and
percent solid solubles among cultivars
of different ages and stages of develop-
ment. However, there was also a sig-
nificant cultivar x block interaction for
weight (P = 0.0340; F = 2.1532: 16,
30 df) and number of clusters (P =
0.0481; F = 2.0106; 16, 30 df). The
reason for this interaction is unknown
but may have been due to blocks in
some cultivars inadvertently receiving
moreirrigation than others which could
have influenced grape production. For
instance, we occasionally observed
pools of water around some individual
plants that apparently came from leaky
irrigation lines.

The sensory evaluation panel de-
tected a significant difference in the
color, aroma, or taste of ‘Chardonnay’
wine made from repellent-treated
grapes and wine made from control
grapes (P = 0.001 for Hot Sauce, i.c.,
10 of 12 individuals correctly ident-
fied the odd sample; and P = 0.05 for
Plantskydd, i.c., 8 of 12 individuals
correctly identified the “odd” sample).
Under our experimental methodol-
ogy (i.e., biweekly applications), treated
plants may have translocated the repel-
lents into their berries which was de-
tected by the sensory evaluation panel
in the wine samples.

Conclusions

Deer depredationinsoutheastern
Arizona vineyards is infrequent but
can be substantial when it occurs. Our

Table 1. Least square means (1SE) for berry weight, cluster number, weight per cluster, soluble solids, and final phyto-

toxicity ranking (1 to 5) for five or six vineyard cultivars® treated with Hot Sauce, Plantskydd, or controls, August to

September 1997,
Berry Wt per Soluble Final
wt Cluster cluster solids™ phytotoxicity
Treatment’ (kg™ no. (kg) (%) ranking”
Hot Sauce 5+0.7 73%5 0.07 £ 0.005 24+0.3 4+0.15
Plantskydd 6107 8716 0.07 + 0.005 24+0.3 4+0.15
Control 7107 8516 0.08 £ 0.005 25+0.3 4+0.15

*Cultivars were ‘Cabernet Sauvignon, ‘Chardonnay’, ‘Petite Sirah’, ‘Sauvignon Blanc’, ‘Syrah’, and ‘White Reisling’. Cluster and weight data were not collected for ‘Cabernet

Sauvignon’.

YTreatment main effects (P> 0.0756) and all interactions associated with treatment were not significant (P2 0.1961) for all response variables.
*Soluble solids were measured for all cultivars 3 Scpt. 1997 except ‘Chardonnay’ (measured 15 Aug. 1997).

"l kg =2.2 Ib.

YPhytotoxicity was ranked from 1 to § (1 = severc phytotoxicity, i.c., leaves and stems show‘ed severe yellowing, burning, or necrosis; 5 = no phytotoxicity, i.c., leaves and stems
{

had no evidence of phytotoxicity).

Horlxtinology - July-September 1999 9(3)

431



study was designed to determine if
Hot Sauce and Plantskydd might be
used as nonlethal alternatives in vine-
yards without causing significant phy-
totoxic effects, production losses, or
altering of the sensory characteristics
of wine. Both repellents caused some
initial minor phytotoxicity and slightly
reduced shoot growth of the six culti-
vars studied. By harvest however, nei-
ther Hot Sauce nor Plantskydd re-
duced final productivity or induced
significant phytotoxic effects (Table 1,
Fig. 3). Furthermore, there was no
carryover phytoxicity from 1997 to
1998 due to deer repellents. Unfortu-
nately, sensory attributes (i.e., color,
aroma, or taste) of the ‘Chardonnay’
wine were significantly altered by both
repellents as applied in our experiment
(i.e., biweekly applications). Because
sensory attributes are essentially a wine
grape grower’s bottom line, this find-
ing may preclude the use of chemical
repellents in vineyards to deter deer
herbivory under the experimental con-
ditions used in our study.
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SuMMARY. A series of equations were
developed to provide a convenient
means to calculate the number of
containers that can be placed into a
specified area using three different
placement patterns. The calculations
require three pieces of information; the
container spacing, i.e., distance
between the center of one container
and the center of the neighboring
container, and the length and width of
the greenhouse bench or floor area.
The solutions allow comparisons of the
total number of containers that will fit
into that area using three different
placement patterns: square, long-
staggered, and short-staggered. In
general, the closer the container
spacing or the larger the production
area, the greater the benefit of stag-
gered spacing compared to square
spacing. Staggered spacing frequently
allows for up to 13% more containers
to fit into a given area than square
spacing; however, calculations must be
made for specific situations to deter-
mine the most efficient spacing pattern.
Cost analyses were performed on a
range of container spacings and
greenhouse dimensions. Spacing
pattern can affect overhead costs from
$0.02 to $0.20 per container for a 10-
week crop. A spreadsheet, Bench Crop
Calculator, is available from the
authors for providing assistance in
performing the calculations.
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verhead costs (including
equipment, taxes, and
utilities) are a significant part

of total greenhouse crop-production
costs. The overhead cost per square foot
per week of bench space has been esti-
mated to be $0.20 (Brumfield, 1995).
Since overhead costs remain constantin
agiven location regardless of the crop or
the number of containers produced, the
efficiency with which growing space is
used in order to minimize overhead
costs per plant is important,

Efficient use of greenhouse space
requires knowing how many plants will
fit on a bench or floor so that each plant
has sufficient space to grow. Containers
are spaced by commercial growers on
square or staggered spacing. Square spac-
ing is frequenty employed since this

- method is considerably easier for work-

ers to perform accurately. Also, growers
usually assume square spacing when
planning for the number of containers
that will fit in a greenhouse, since the
calculation is relatively simple.

We are unaware of an available
process through which growers can de-
termine how to place containers on a
bench or floor in such a way that the
space is used most efficiently. The ob-
jective of this project was to develop a
decision-support tool to calculate the
maximum number of containers that
can be placed in a specified area. The
equations could be entered in a spread-
sheet to allow growers to determine the
most efficient spacing pattern for their
individual situations or a spreadsheet,
named Bench Space Calculator, is avail-
able from the authors.

Materials and methods

There are three commonly used
patterns of container placement (Fig.
1). Square placement involves placing
containers in parallel rows perpendicu-
lar to each other in both directions on
the growing surface so that any four
containers formasquare. The other two
patterns involve placing containers in
staggered arrangements in which any
three containers form an equilateral tri-
angle. In the long-staggered pattern,
the rows of containers are parallel to the
long dimension of the bench or floor
space. In the short-staggered pattern,
the rows of containers are paralle] to the
short dimension of the bench or floor
space.

We developed a series of equations
to calculate the number of containers
fitting in a given area in each of the three
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